SAFETY SYSTEM FOR AN APPARATUS FOR GENERATING ENERGY 
[0001] BACKGROUND OF THE INVENTION 
[0002] Field of the Invention 

[0003] The invention relates to an improved safety system for a gas operated device 
for generating energy. 

[0004] Description of the Prior Art 

[0005] It is generally assumed that hydrogen will be gaining ever-increasing 
significance for both stationary and mobile applications. For a transitional phase, or In 
other words as long as a completely satisfactory solution to the problems of 
regenerative hydrogen production, infrastructure, and storage have not yet been found, 
the possibility is also entertained of generating hydrogen by re-forming it, on board a 
vehicle itself. This is known for instance from German Patent Disclosure DE 199 34 
649 A1 . The hydrogen can be used both in a conventional internal combustion engine 
or in a fuel cell for driving the vehicle itself. Fuel cells are also provided not only to drive 
the vehicle but also as an energy source for supplying auxiliary systems of the vehicle. 
The use of a novel propellant in general, and what is even more, a very highly volatile 
gas with a wide explosive range, such as hydrogen, in a vehicle makes correspondingly 
stringent demands in terms of safety. In addition, the use of hydrogen calls a great 
many negative associations to mind , so adequate acceptance of this energy source can 
be likely only in conjunction with a solid, conclusive safety concept. If hydrogen 
escapes unintentionally in the absence of three-dimensional barriers above it, then it 
escapes into the atmosphere and is virtually no threat to safety. However, if hydrogen 
can collect in closed spaces and is prevented from escaping into the atmosphere, a gas 


concentration in the dangerous range can result. That is, the gas concentration can 
become so high that there Is the risk of fire or even explosion. 


[0006] OBJECT AND SUMMARY OF THE INVENTION 


[0007] As a solution to this problem, the invention proposes a simple, operationally 
safe and reliable safety system for a gas-operated apparatus for generating energy in 
which the device, optionally together with a gas supply, is disposed in the vicinity of an 
occupied space, but spatially separated from it. The invention is especially suitable for 
gas-operated apparatuses for generating energy for vehicles driven by gas, or for gas- 
operated auxiliary devices attached to the vehicle. As understood in this application, 
"gas-operated" accordingly means that the vehicle is equipped with either a gas- 
operated internal combustion engine or a fuel cell for driving the vehicle, or with a fuel 
cell for supplying energy to auxiliary systems. The safety system is especially well 
suited to devices of the generic type that are operated with hydrogen. The proposed 
solution is based on the recognition that if a still harmlessly low gas concentration is 
detected in good time, it is possible to initiate safety provisions that prevent the gas 
concentration from increasing further into the dangerous range. To that end, in an 
especially advantageous way, if hydrogen is discovered outside the passenger 
compartment of a vehicle, the passenger compartment is blocked off from the 
penetration of hydrogen gas. If hydrogen gas occurs in the passenger compartment 
itself, then provision is made for the fastest possible reduction in the gas concentration 
by means of forced ventilation. In especially critical situations, that is, if there is a high 
concentration of hydrogen gas in the explosive range, the entire electrical system of the 
vehicle can be switched off to preclude the development of sparks. In all situations that 
are potentially dangerous, vehicle passengers are wamed by means of acoustical 
and/or optical signals from a warning device. 
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[0008] BRIEF DESCRIPTION OF THE DRAWINGS 


[0009] The invention will be better understood and further objects and advantages 
thereof will become more apparent from the ensuing detailed description of preferred 
embodiments taken in conjunction with the drawings, in which: 

[0010] Fig. 1 schematically shows a gas-operated vehicle, with its safety system shown 
as a block circuit diagram; and 

[0011] Fig. 2 is a block circuit diagram to explain the mode of operation of the safety 
system. 

[0012] DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0013] Fig. 1 shows a gas-operated vehicle 1, shown here schematically as a 
passenger car, with a safety system shown in the form of a block circuit diagram. 
Reference numeral 2 designates a first sensor, which is sensitive in particular to 
hydrogen gas. The sensor 2 is disposed outside the passenger compartment and 
preferably in the engine compartment of the vehicle 1 . Reference numeral 6 indicates 
a second sensor, which is in particular likewise sensitive to hydrogen gas. This sensor 
6 Is preferably disposed in the passenger compartment itself. Reference numeral 7 
designates a control unit, to which the output signals of the sensors 2, 6 are delivered 
and which evaluates these output signals. Reference numeral 3 designates a fresh-air 
valve, which serves to deliver fresh air to the passenger compartment of the vehicle 1 . 
Reference numeral 4 designates power window controls of the vehicle 1 . Reference 
numeral 5 designates a fan that controls the delivery of air to the passenger 
compartment of the vehicle 1 . This can in particular be the fan of the ventilation and/or 
air conditioning system with which the vehicle 1 is equipped in mass production. 
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Reference numeral 8 indicates a control unit or relay that is capable of interrupting the 
central power supply of the vehicle 1 . Reference numeral 9 indicates a warning device, 
which can output acoustical and/or optical warning signals. The components of the 
safety system that are designated by reference numerals 3, 4, 5, 6, 8, 9 are likewise 
connected to the control unit 7 and can be controlled by it. 

[001 3] The mode of operation of the safety system will now be described in conjunction 
with the block diagram shown in Fig. 2. Here a distinction is made between various 
dangerous situations. In a first dangerous situation, the sensor 6 is not reporting any 
hydrogen gas in the passenger compartment of the vehicle 1 (step 20), but the sensor 
2 does find hydrogen gas in the engine compartment of the vehicle 1 (step 24). The 
output signal of the sensor 2 is delivered to the control unit 7, which assesses this 
output signal and triggers switching means as needed. In the normal situation, the 
hydrogen gas detected in the engine compartment is not an excessive potential risk to 
the vehicle passengers, since the strong air flow in the engine compartment of the 
vehicle 1 provides for rapid dilution of the hydrogen gas concentration, and thus a 
dangerous gas concentration does not arise. To eliminate any residual risk whatever 
to the vehicle passengers, however, the invention provides (step 25) that a fresh-air 
valve 3 if present is triggered by the control unit 7 in such a way that the entry of outside 
air to the passenger compartment of the vehicle 1 is suppressed, at least until such time 
as the output signal of the sensor 2 signals that hydrogen gas is no longer detected. 
In addition, a warning device 9 can be triggered (step 27), which outputs an optical 
and/or acoustical signal and makes the vehicle passengers aware of the dangerous 
situation. 

[0014] In a second dangerous situation, the sensor 6 detects a hamiful hydrogen 
concentration in the passenger compartment of the vehicle 1 itself (step 20). The 
control unit 7 assesses the output signal of the sensor 6 and then triggers the fan 5 
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(step 21 ), which then blows air into the passenger compartment and in this way reduces 
the harmful gas concentration to a harmless value. The control unit 7 can additionally 
trigger power window controls 4 (step 22), which cause the windows of the vehicle to 
be lowered, so as in this way to make an even faster air exchange possible. In addition, 
a sun roof and/or a safety valve disposed in the region of the roof of the vehicle 1 , if the 
vehicle 1 is equipped with such accessory devices, can be opened. On the condition 
that the sensor 2 detect no harmful concentration of hydrogen gas In the engine 
compartment of the vehicle 1 , the fresh-air valve 3 can additionally be triggered by the 
control unit 7 in such a way that it assumes its maximally open position. With the 
provisions named thus far, a very fast air exchange in the passenger compartment is 
attainable, so that the harmful gas concentration of hydrogen gas is eliminated as fast 
as possible. In addition, as already noted above, the warning device 9 can be triggered. 
The vehicle passengers are thereupon made aware of the existing dangerous situation 
by means of an optical and/or acoustical signal. 

[0015] In a third dangerous situation, both sensors 2, 6 report a dangerous 
concentration of hydrogen gas, both outside the passenger compartment and inside the 
passenger compartment of the vehicle 1 (steps 20, 24). In this case, first the fan 5 
(step 21 ) and/or the power window controls 4 (step 22) are triggered by the control unit 
7. The fresh-air valve 3 is also triggered (step 25) in such a way that it assumes its 
closed position. In this way, hydrogen-enriched fresh air is prevented from being 
carried into the passenger compartment. In turn, triggering the fan 5 and/or the power 
window control 4 assures the fastest possible air exchange outside the passenger 
compartment, and so a harmful concentration of hydrogen gas is eliminated as fast as 
possible. As already described above, once again the vehicle passengers can be made 
aware of the dangerous situation by means of an acoustical and/or optical signal output 
by the warning device 9 (step 24). If neither the sensor 2 nor the sensor 6 measures 
a hamiful concentration of hydrogen gas, then the control unit 7 assumes that the 
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dangerous situation has been overcome. The fresh-air valve 3, the power window 
controls 4 and the fan 5 are thereupon triggered such that they assume their normal 
position. In this normal position, the windows are as a rule closed, while the fresh-air 
valve 3 is at least partly open. If no further control signals, for instance from a 
temperature sensor, not shown, are delivered to the fan 5, then it Is again in the position 
of repose. By the provisions described above, the fastest possible air exchange in the 
passenger compartment Is achieved. In this way, if a risky concentration of hydrogen 
gas is possibly present. It is reduced to a harmless level as fast as possible. 

[0016] Depending on the risk assessment performed by the contra! unit 7, if there is an 
especially high, dangerous concentration of hydrogen gas, it is possible for safety 
reasons for the control unit 8 also to be triggered by the control unit 7 (steps 23, 26), 
in such a way that the entire power supply to the vehicle 1 is interrupted. 

[0017] This is expediently done not until after a certain time lag, once the vehicle 
passengers, via the warning device 9, have been made aware of the dangerous 
situation by means of an acoustical and/or optical signal. In this way, the driver still has 
enough time In an emergency to steer the vehicle 1 out of traffic onto the shoulder of 
the road and bring it to a stop. 

[0018] The safety system of the invention has been described above in conjunction 
with a vehicle-bound device for generating energy. It is understood that the Invention 
can also be employed in a stationary device for generating energy. 

[0019] The foregoing relates to preferred exemplary embodiments of the invention, it 
being understood that other variants and embodiments thereof are possible within the 
spirit and scope of the invention, the latter being defined by the appended claims. 
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